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Oxidative Degradation of the Herbicide Dicamba Induced by Zerovalent Iron
Kyung-Hwan Lee, Tae-Hwa Kim, and Jang-Eok Kim (Division of Applied Biology and Chemistry, College of
Agricultural and Life Sciences, Kyungpook National University, Daegu 702-701, Korea)

ABSTRACT: Dicamba (3,6-dichloro-2-methoxybenzoic acid) is used to control for pre and post-emergence
of annual and perennial broad-leaf weeds. It is very soluble in water and highly mobile, acidic herbicide.
So it is easily moved and detected in groundwater. Zerovalent iron (ZVI) has been used for the reductive
degradation of certain compounds through amination of nitro-substituted compounds and dechlorination of
chloro-substituted compounds. In this study, we investigated the potential of ZVI for the oxidative
degradation of dicamba in water. The degradation rate of dicamba by ZVI was more rapidly increased in
pH 3.0 than pH 5.0 solution. The degradation percentage of dicamba was increased with increasing amount
of ZVI from 0.05% to 1.0% (w/v) and reached above 90% within 3 hours of reaction. As a result of
identification by GC-MS after derivatization with diazomethane, we obtained three degradation products of
dicamba by ZVI. They were identified 4-hydroxy dicamba or 5-hydroxy dicamba, 4,5-dihydroxy dicamba
and 3,6-dichloro-2-methoxyphenol. 4-Hydroxy dicamba or S5-hydroxy dicamba and 4,5-dihydroxy dicamba
are hydroxylation products of dicamba. 3,6-dichloro-2-methoxyphenol is hydroxyl group substituted compound
instead of carboxyl group in dicamba. We also confirmed the same degradation products of dicamba in the
Fenton reaction which is one of oxidation processes using ferric sulfate and hydrogen peroxide. But we
could not find out the dechlorinated degradation products of dicamba by ZVIL
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AZA dicamba(99.9%) 2] X2 Sandoz Agro. Inc.
o elstalom, el SelirA R shdA Fe
St FEE FAEte] ARESSITE ZVIE powder eletrolytic
3 © = Fisher Scientific Co.(U.S.A.)°lIX 74311, Fenton
reagent=+ ferric sulfate [Fex(SOu)s]E Sigma Chemical
Co.(US.A)°lx, hydrogen peroxide(HhOy)+= Junsei Chemical
Co.(Japan)°llA 7-Jste] AHE-8I3It Dicamba % 19| i
3 AHES GC-MSE 24313101, methylations 9%
diazomethane(CH:N,) 9] A5 918k A2kl N-methyl-N-
nitroso-p-toluenesulfonamide %! diethylene glycol monoethyl
ether(Carbitol)= Sigma Chemical Co.(U.S.A.)°IA 74
sto] ARE-slSIt). Diethyl ether$} potassium hydroxide
i Junsei Chemical Co.(Japan)°lA T-§1ate] AHE-83ict.
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Table 1. GC-MS conditions for the analysis of dicamba and its degradation products

60 m (L) x 0.25 mm (i.d.) DB-5 MS capillary column

60C (1 min, hold) — 280C (5°C/min , 10 min, hold)

Model HP-6890 series

Detector HP-5973 mass selective detector
Column

Injection port temp. 250C

Column temp.

Electron impact 100 eV

Acquisition 40 - 400 m/z

Mode Scan mode
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Fig. 1. Degradation of dicamba by 0.05% (w/v) ZVI
treatment at different pH.
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Fig. 2. Effect of treated amount (w/v) of ZVI on the
degradation of dicamba.
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Fig. 3. HPLC chromatograms of dicamba and its degradation
product by ZVL
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Fig. 4. HPLC chromatogram of dicamba and its degradation
products by Fenton reagent.
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Fig. 5. Mass spectrums of degradation products of dicamba
by ZVI and Fenton reagent.




90 o1 - %

s} - 24

molinate”} A+3}%]0] keto-molinate® 13+ ¥ Ax}kel A}
3t -5 mechanismo] 23t 7102 F5Eh 3 Joo 52
oAl ZzVIel I3l benzoic acid”} p-hydroxybenzoic acid
2 AgEra 3 A9 fARE Aoz YRl

Ferric sulfates A2|st AFA L ZVIel gt tiAMt
3} 53 A=Y fragmentations 7HAE UARHES
I8 = 9ISt} o)7L ZVIel| iM% 4t} kg 2o
e A sl Ayt Aok

zvIell &l FE dojih= Rk 71FRS el oJgh
dechlorination =< nitro”]7} amino”|% %= A0
AR QAT BES glFo) 2kt EAllsks el A
3} wkgo] Aasi= o7 FSETh vk (1)% o] Fe'7t
Fe*' 2 Abslewx AAEE Aol 98l dehalogenation]
ARk AR ks WhgehE (2)9 22 Whgo] dojubd
H,O7} 4 ¥o] Fe** ¢} Fenton WH3-3} A1 radical®l
o]t Ak} Hhgo] dojdt}. & Adox] I Av= ZVIel
oJgt gkl Aksl WG AolellA Abgl whgo] MEHSGIEE

> 2

F58 4 3la o]31 A9} halogenated compound,
Axpel Abagle] Wk ZgAelM AkAeke] whgo] AEwe]
dol o AIdE F530 = 5 QUvk 5t kS Foll A%
= HOx= 3)¥ (4)8 &2 sl daf dFH 0w g4
& 22 5 Yo
RX + Fe" + H < RH + Fe* + X 1)
O, + Fe’ + 2H' < Fe™ + HO, )
(O2)ags + € — Opr" or HO»- 3)
HOz' + H02 - H202+ 02 (4)

GC-MS #4435 & 3] zvIdl 23+ dicmba?)
Akl Rl 4ZE Fig. 60 A ST

Fe’+2H* +0, «— Fe**+H,0,
Fe?* +H,0, — Fe?*+OH +OH-

Loop

OH
a OCH;
-
al
COOH .
a OCH,8 3,6-Dichloro-2-methoxy phenol
a
Dicamba COOH COOR COOH
a OCH; a OCH, a OCH;

= or -»>

a OH a ol a

OH OH

4-Hydroxy dicamba  5-Hydroxy dicamba  4,5-Dihydroxy dicamba

Fig. 6. Proposed oxidative degradation pathway of dicamba
by ZVI under aerobic condition.
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